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Viruses Rock and Roll
with Their Receptors
Cryo-EM and X-ray crystallography combine power-
mfully for imaging large macromolecular structures and
gassemblies. The article by Xiao et al. (2005) in this
tissue of Structure is as illuminating in its biological
tinsights as it is a tour-de-force in both X-ray crystal-
clography and cryo-electron microscopy.
c
cCrystallography yields high-resolution structures of
biological molecules, but lags in the ability to study a
complex and often nonhomogeneous systems, while b
electron microscopy (EM), and in particular cryo-EM, is p
powerful in analyzing complex structures but is limited s
in resolution. Efforts to bridge this gap began in the h
1990s, as scientists uncovered and applied the syner- V
gistic power of combining X-ray crystallography with p
electron microscopy (Wang et al., 1992; Stewart et al., n
1993; Olson et al., 1993; Grimes et al., 1997). Great a
strides have been made both in improving the nominal
tresolution limits of cryo-EM (Chiu et al., 2005) and in
Iautomated procedures to fit high-resolution crystal
fstructures of components into the EM image (Ross-
dmann et al., 2001). This state of the art technique has
bbeen applied to problems involving antibody-virus in-
tteractions, receptor-virus interactions, clathrin coats in
tmembrane invagination, virus machinery, assembly and
pmaturation, and the chaperonin ATPase cycle (for re-
bviews, see Baker and Johnson, 1996; Baumeister and
Steven, 2000; Rossmann et al., 2002).
sIn the current issue of Structure, Rossmann and co-
sworkers describe the structure of coxsackievirus A21
b(CVA21) to 3.2 Å resolution and its interactions with a
cellular receptor determined by cryo-EM to 8 Å resolu- tion. CVA21, despite belonging to the enterovirus genus
f picornaviridae, binds to the cellular receptor, inter-
ellular adhesion molecule-1 (ICAM-1), used for cellular
ttachment by the major group rhinoviruses. ICAM-1
s a cell surface glycoprotein involved in cell adhesion
ediated through lymphocyte function associated anti-
en-1 (LFA-1). Through three-dimensional studies of
he complex, the article by Xiao et al. (2005) addresses
he question of how different viruses bind to the same
ellular receptor. Their results implicate surface and
harge complementarity as crucial factors in the re-
ognition process. In particular, site “a” involving Arg1161
nd Asp1231 of CVA21 is invariant among CVAs that
ind ICAM-1 and therefore might play a key role in the
attern of charge complementarity, contributing to
pecificity. Strands D and E of the first domain of ICAM-1
ave been found to bind to the puff region in the virion’s
P2 protein, a region that has a different structure in
olioviruses, which may explain why poliovirus does
ot bind ICAM-1. In addition, the total buried surface
rea in the complex of ICAM-1 with CVA21 was found
o be 30% less than that of the comparable pair of
CAM-1 and HRV14. This is interesting in light of the
act that CVA21 also binds another cellular receptor,
ecay-accelerating factor (DAF), whose major role may
e in capturing and concentrating infectious virions on
he cell surface, thereby compensating for lower affinity
o ICAM-1. Hopefully the structure of the ternary com-
lex of ICAM-1 with CVA21 and DAF will not be far
ehind.
A central implication of the work is that viruses with
hared architecture can bind the same receptor, at a
imilar location on the virus surface (in the “canyon”)
ut with different orientations between virus and recep-
or. This is especially striking in light of the fact that
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945within major group rhinoviruses, where the binding ori-
entation is shared, the sequences are as diverse as be-
tween different rhinoviruses and enteroviruses. In an
era where results of homology modeling are readily
accepted, one might expect that the footprints of
ICAM-1 binding to CVA21 and to HRV14 would be sim-
ilar. This seems not to be the case. Previously, it was
observed that the various virus particles bind to their
respective receptors of the immunoglobulin superfam-
ily in differing orientations, but the CVA21 and HRV14
pair is the first case where different virus types that use
the same receptor also have different orientations (Xiao
et al., 2001).
In our laboratory, we have described the “wiggling
and jiggling” properties of small-molecule ligands that
allow adaptation to drug-resistant variants of the rap-
idly mutating HIV-1 reverse transcriptase (Das et al.,
2004). Small-molecule ligands with strategic degrees of
conformational freedom, coupled with compactness,
can wiggle and jiggle to adapt to variant compositions
of a binding pocket, thereby overcoming resistance.
Likewise in the case of viruses and their receptors (and
mutant receptors), there is sufficient flexibility in the re-
cognition mode to allow viruses with similar architec-
tures to bind their respective receptors in a variety of
orientations as if the receptors are “rocking and rolling”
(Figure 1). Wiggling and jiggling, and rocking and rolling
represent two strategies for using the same molecular
composition to recognize different biological partners.
In the former, the conformational repertoire of the
small-molecule ligand is exploited. In the virus-receptor
scenario, the redundant molecular surface of a given
receptor is exploited by using different binding ori-
entations. This observation is intriguing in that it
underscores the many pathways by which the coevo-
lutionary dance of viruses with their host cellular recep-
tors may have occurred, as well as the opportunistic
nature of evolution.Figure 1. Interactions of a Protomeric Unit of
Picornaviruses with Their Respective Cellu-
lar Receptors
Interactions of a protomeric unit (black) of
picornaviruses (CVA21, HRV16, and PV1M)
with their respective cellular receptors
(ICAM-1, ICAM-1, and PVR). ICAM-1 has
been shown to bind with different orienta-
tions into the canyon of related picornavi-
ruses from different genera: by “rocking and
rolling” the same receptor can adapt to bind
viruses with similar architectures using a dif-
ferent footprint or portion of the molecular
surface. PDB entries: 1AYM (X-ray structure
of HRV16), 1D3E (EM structure of HRV16/
ICAM), 1DGI (EM structure of poliovirus/PVR),
1Z7Z (current EM structure of CVA21/ICAM).Deena A. Oren and Eddy Arnold
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and Medicine (CABM) and
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